ABSTRACT. Bursae of Fabricius were collected from 20 chickens diagnosed with infectious bursal disease virus (IBDV) infection from 15 prefectures in 1993 to 2004. Here we report the nucleotide sequence analysis of VP2 hypervariable domain of IBDV genome detected by reverse transcription-polymerase chain reaction from these samples. Ten sequences derived from 10 prefectures in 1996 to 2003 were of the classical type and other 10 sequences derived from 6 prefectures in 1993 to 2004 were of the highly virulent type. Of the classical type sequences, 9 sequences were closely related to the sequence of classical attenuated vaccines used in Japan. Furthermore, two were identical to the sequence of B-Chi5 which represents Vaccine B passaged 5 times in chickens and was reported to be reverted the virulence during the passages. The 10 highly virulent type sequences were classified into four sequences, none of which had been previously detected in Japan. However, the deduced amino acid sequences were identical to each other and to the sequences of highly virulent IBDVs previously detected in Japan. The most common nucleotide sequences, which accounted for 6 of the sequences, were identical to 34 highly virulent type sequences detected in various countries in BLAST search. This is the first report of detection of the sequence in Japan which is identical to highly virulent strains detected in other countries. These findings show the prevalence of classical IBDVs closely related to the attenuated vaccines and highly virulent IBDVs derived from other countries throughout Japan since 1993.
Infectious bursal disease (IBD) virus (IBDV), the etiological agent of IBD, is a member of the Birnaviridae family and its genome consists of two segments (A and B) of double stranded RNA [5] . Genome segment B (2.9 kb) encodes a 90-kDa protein, VP1 [1] , which is a dsRNA polymerase [18, 25] , and the larger segment, A (3.2 kb), encodes viral proteins VP2, VP3 and VP4 [1] , which are produced by autoproteolysis of a 106-kDa precursor polyprotein [2, 11, 14] , and a nonstructural protein, VP5, in another open reading frame [19] .
IBDV causes destruction of lymphoid organs, especially the bursa of Fabricius [10, 22] , and induces an immunosuppressive disease in young chickens. IBD exists worldwide and its immunosuppressive effect increases the incidence and severity of many other infections [6, 17, 31] . IBDV shows different degrees of pathogenicity and mortality in chickens. Until 1987, most of the IBDV infections were subclinical, and the major problem was impaired growth and acquired immunodeficiency (classical IBD). Since 1987, an increasing number of acute cases of IBD with high mortality (highly virulent IBD) has been reported in many countries [4, 30] .
The first outbreak of classical IBD in Japan was reported in 1970 [36] . The classical type IBDV, which mainly causes immunosuppression in infected chickens, has spread throughout Japan since the first outbreak [9] . Because most of the classical IBDV infections did not cause high mortality, many chicken farms did not use IBD vaccine against commercial chickens. However, highly virulent IBDV which shows high mortality in infected chickens emerged in early 1990s [20, 28] , after which most farms started using attenuated live vaccines [32] . The application of the vaccine has largely controlled the disease, although IBDV infections still occasionally occur [8] even in vaccinated flocks. This epidemiological information may show emergence of antigenic variant strain which was escaped from the vaccination. However, neither the antigenicity nor the genotype of the IBDV currently prevailed in Japan has been defined.
Genotypes of IBDV have been differentiated by reverse transcription-polymerase chain reaction (RT-PCR), restriction fragment length polymorphism and nucleotide sequence analysis of the VP2 hypervariable domain [12, 13, 16] . The VP2 hypervariable domain, which spans amino acid positions 206 to 350, has been reported to be the minimal region for construction of conformational epitope that is recognized by virus neuralization antibodies [3, 33] . Within this region, there are three amino acid residues (positions 253, 279 and 284) that are critical for virulence of IBDV [34] . Thus, it may be possible to predict the antigenicity and virulence of the virus from the deduced amino acid sequence of this region.
The nucleotide sequence analysis of VP2 hypervariable domain of the causative strain of an IBDV in each outbreak is one of the most important tasks in control of the disease. However, the sequence analysis of IBDV prevailed in Japan has been restricted since early in 1990s [16, 34] when highly virulent IBDV infections occurred extensively in Japan. In the present study, we determined the nucleotide sequence of the VP2 haypervariable domain of IBDV detected from clinical samples collected in recent 12 years to define the genotype of the virus and to estimate the virulence and the antigenicity based on the deduced amino acid sequences. Table 1 ). The diagnoses were made by other clinical laboratories based on the gross lesions in bursa. Mortality and morbidity of each outbreak was unknown. The bursae were excised from the chickens, frozen, and sent to our laboratory. Sample names are based on prefecture, year and sample number.
MATERIALS AND METHODS

Materials
Preparation of viral RNA: Viral RNA was prepared directly from the bursa using Trizol reagent (Invitrogen, Tokyo, Japan). One or two pieces (approximately 2 mm × 3 mm in size) of bursa excised from an intact bursa were suspended in 1 ml of Trizol reagent and total RNA was prepared according to the manufacturer's instructions. Finally, total RNA prepared from bursa was dissolved in 15 µl of water, and stored at -20°C until use.
RT-PCR:
The VP2 hypervariable domain located in the central area of the VP2 coding region [3] was amplified by RT-PCR as described previously [33] . Briefly, 2 µl of the purified RNA prepared as described above was mixed with 1 µl of dimethyl sulfoxide and incubated at 97°C for 5 min for denaturation. Subsequently, the cDNA was synthesized from the denatured viral RNA with ReverTraAce (Toyobo, Osaka, Japan) according to the manufacturer's instructions using V1 (5'-CCA GAG TCT ACA CCA TAA-3') and V2 (5'-CCT GTT GCC ACT CTT TCG TA-3') primers, and was amplified by PCR using Ex Taq DNA polymerase (Takara Bio, Kyoto, Japan) and the same primer pair. The PCR conditions used for the first cycle were denaturation at 93°C for 5 min, annealing at 57°C for 1 min and extension at 72°C for 30 sec. This was followed by 25 cycles of denaturation at 93°C for 1.5 min, annealing at 57°C for 1 min, and extension at 72°C for 30 sec. In the last cycle, the same conditions were used with extension at 72°C for 7 min.
Nucleotide sequencing: The RT-PCR product dissolved in TE buffer (10 mM Tris-HCl, 1 mM EDTA pH8.0) was filtered 3 times with SUPREC-02 (Takara Bio, Kyoto Japan) to remove the excess PCR primers and dNTPs. Then the purified RT-PCR product was directly sequenced in both directions by using the Cy5 AutoCycle Sequencing Kit (Pharmacia Biotech, Tokyo, Japan) with Cy5-labeled primers V2-1 (5'-CAG CCG ATG ATT ACC AAT TCT-3') and V2-2 (5'-TAC TAG TGT GAC GGG ACG GAG-3') according to the manufacturer's instructions. The nucleotide sequences of the RT-PCR products corresponding to the position from 813 to 1133 in the sequence of the segment A reported by Bayliss et al. [3] were read by an ALFred sequencer (Pharmacia Biotech, Tokyo, Japan). The nucleotide sequences detected from the clinical samples were deposited in DNA Data Bank of Japan (DDBJ) with accession numbers as listed in Table 1 . The sequences were analyzed with the aid of Genetyx-Mac, Version 13.0.2 (Genetyx Co., Tokyo Japan).
Phylogenetic analysis: The nucleotide sequences were s u b j e c t e d t o B L A S T s e a r c h i n D D B J [ h t t p : / / www.ddbj.nig.ac.jp/search/blast-j.html] to determine their identity with other reported sequences. The phylogenetic analysis were carried out using CLUSTAL W [27] by the Neighbor-Joining method [23] with the Kimura twoparameter option [15] . A phylogenetic tree was drawn by NJplot [21] based on the genetic distances calculated as described above. The topological accuracy of the tree was estimated by the Bootstrap method [7] , with 1,000 replicates. The nucleotide sequences collected with BLAST search were used for the phylogenetic analysis. These results show that the highly virulent IBDVs and classical IBDVs closely related to the attenuated vaccines were prevalent widely in Japan.
RESULTS AND DISCUSSION
Of the ten classical type sequences, seven sequences were closely related to the sequence of Vaccines A or B as described below. Consequently, the nucleotide sequences of A-Chi5 and B-Chi5 which represent Vaccines A and B passaged 5 times in chickens [35] , respectively, were also used for the phylogenetic analysis (Fig. 1) . The nucleotide sequence obtained from F/00/1 was identical to that of SP/ 04/02, a strain from Spain found in a BLAST search, and clustered with Vaccine A and the derivative A-Chi5. Three nucleotide differences were found in the sequence obtained from C/96/1 and F/00/1 in comparison with the sequence of Vaccine A. Of these three nucleotide sequence differences, two at positions 890 and 903 were commonly found in both sequences and contribute to amino acid differences at 253 and 258. These amino acid differences were also found in the sequence of A-Chi5 (Fig. 2) . The VP2 hypervariable domain has three amino acids (at positions 253, 279 and 284) that are critical for the virulence of IBDV [34] . All the sequences that are closely related to either Vaccines A or B except C/96/1 have two amino acid residues (at positions 279 and 284) that are identical to those of Vaccines A and B (Fig. 2) . However, the amino acid position 253 in C/96/1 and F/00/1, and B/96/3 and D/97/6 (Glutamine (Q)) differed that in Vaccines A and B (Histidine (H)). The Vaccines A and B showed an amino acid substitution at position 253 (H->Q) during 5 serial passages in chickens in parallel with increasing their virulence [34] . Detection of such vaccine-like viruses from chickens diagnosed with IBD implied that replication and subsequent accidental spread of live vaccine virus to nonvaccinates in each farm result in reversion of these viruses to a virulent form. The reversion of their virulence speculated from our previous experiment [34] may have been actually occurred in the field.
C/96/1 and F/00/1 were derived from chickens vaccinated with Vaccine A, and D/97/6, O/03/1 and E/99/1 were derived from chickens vaccinated with Vaccine B. The vaccination history of K/03/1 was unknown. Even though B/ 96/3 was obtained from a chicken vaccinated with Vaccine A, its sequence is identical to B-Chi5, which was derived from Vaccine B. This result was confusing. However, the broiler farm had used Vaccine B in the previous flock. This fact may indicate that the Vaccine B used in the previous flock was remained on the farm and may have been transmitted to the later flock.
The sequence obtained from I/00/1 clustered with Vaccine D, though I/00/1 was derived from nonvaccinated chicken. No sequences other than Vaccine D were closely related to the sequence of I/00/1 in a BLAST search. I/00/1 differed from Vaccine D at nucleotide position 851, 926 and 979, although only the latter difference result in an amino acid change at position 283 (Fig. 2) . The nucleotide sequence of A/01/1 obtained from a chicken vaccinated with Vaccine C was identical to the sequence of Vaccine C. It was speculated that the vaccine strain remained in the chicken was detected. Because Vaccine C is known as intermediate type, gross lesion such as atrophy of bursa may be observed in postmortem examination.
No sequences detected in this study except for L/04/1 were genetically similar to the classical virulent type which was prevalent in Japan before the early 1990s [9] . The classical virulent type IBDV that was previously prevalent may be decreasing their distribution along with the prevalence of highly virulent type IBDV and extensive usage of live vaccines in the field.
Ten sequences detected in this study clustered with the highly virulent type (Fig. 1) . However, none of the sequences were identical to the sequences of the highly vir- (accession numbers AF159216 and D16630). This is the first report of detection of the sequences in Japan that are identical to the sequence of highly virulent strains detected in other countries. Although the nucleotide sequences of the highly virulent strains showed some differences in the VP2 hypervariable domain, the deduced amino acid sequences of this region, which was reported as critical for antigenicity of IBDV [3, 33] were not different. The amino acid sequences were also identical to the sequences of other highly virulent strains previously detected in Japan. Because many kind of attenuated or intermediate live vaccines derived from the classical virulent type of IBDV have been widely used in Japan, it is possible that antigenic variant strains have emerged as a result of selection by anti-IBDV antibodies, as reported in the U.S.A. [24] . However, the amino acid sequence identity suggests that the antigenicity of the highly virulent IBDV prevalent in Japan has not changed. This finding indicates that the attenuated live vaccines currently used in Japan is efficient for preventing the highly virulent IBDV infection as reported in previously [26] .
The nucleotide sequence analysis in the present study clearly shows the prevalence of highly virulent IBDVs and classical IBDVs closely related to the attenuated vaccines since 1993 in the field. The deduced amino acid sequences of highly virulent types of IBDV show that the antigenicity of the highly virulent type that prevailed in Japan has been conserved. In addition, the detection of vaccine-like viruses such as B/96/3 and D/97/6 from clinical samples implied that reversion of the attenuated vaccines to a virulent form have been occurred in the field. However, the sequence analysis of the vaccine-like viruses detected in this study were restricted. Further sequence analysis including other regions of segments A and B may be needed to define the origin of the vaccine-like viruses. 
